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Motivation

● Jet production in d+Au(pA type) collisions
● Multiple collisions before the hard scatter ing broaden high pT 

spectrum,which modify the back-to-back cor relation strength.
● This initial state medium effect can be studied by compar ing with pp 

data.

● Two methods to study the jet modification in cold medium
● Study of inclusive yield: RdAu or  RCP

● Study directly the character istics of jet fragmentation 
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High pT pion identification at PHENIX

● Ring Cherekov detector  threshold γ γ γ γ ~ 35 →→→→
● 4.5 GeV/c for  ππππ±, 16 GeV/c for  k± s.

● In pr inciple e/p <10-3 for  pr imary particles. However , photon 
conversions close to the DC can be falsely reconstructed at high pT.

● Background electrons have intr insically low pT and the shower 
shapes in EMCAL are different from hadrons. 

● Thus these background tracks can be rejected by applying an 
appropr iate energy and shower shape cut.
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Level 1 tr iggers for  high pT pions
● PHENIX have two Level1 tr iggers that tr iggers on charge pions.

● ERT electron tr igger  and ERT photon tr igger (F. Kaj ihara poster )
● Tr igger  efficiency is pT dependent.
● Most of the events that containing high pT pions are fired by the pion(>90% 

for  electron tr igger  and >80% for  photon tr igger )

● We use electron tr igger  only for  the inclusive yield.
● We use both tr iggers for  the cor relation analysis.

● 50% of thepions in photon tr igger  are not included in electron tr igger .
● Total number  of high pT pion candidates : 63795



Raw yield and RCP

● Raw yield for  several centrality bins. 
● Background level is <5% at 6 GeV/c,  and <10% for  pT>8 GeV/c.

● RCP for  0-20%/60-88%, 20-40%/60-88%, 40-60%/60-88%

● Left black bar  is the systematic errors(overall scale er ror ) 
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Compilation of d+Au pion Rcp in mid-rapidity 

● Error  are:
● Solid marker(data) 
● box (stat er ror  and point to point systematic error ) 
● Bar  at r ight band (er ror  on ratio of Ncoll) 

● For the first time, we have mapped out the pT and centrality 
dependence of Cronin effect in d+Au by combining results from 
three independent analysis.

● Croning enhancement peaks around 2-4 GeV/c and become 
negligible around 6-8 GeV/c.



Kinematics of jet fragmentation

● is the transverse momentum of jet fragments, it is connected to the  
width σσσσ ~ jT/pT. I t is constant independent of fragment pT, character istic 
of jet fragmentation.

Partons have to fragments into colorless fragments.
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● is the transverse momentum carr ied by the partons before hard scatter ing.  
I t is responsible for  the acoplanar ity of back-to-back correlation. And it 
carr ies the information on thepar ton interaction with QCD medium.

● Since fragment only carry a fraction z of the jet momentum, the fragment is sensitive only to 
z kT. 
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● j T and kT are 2D vectors. We measure the mean value of its projection
into the transverse plane ����|j Ty|���� and ����|kTy|����
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Extraction of j T and kT

● Define angle between: jet–jet(φφφφqq), leading–jet(φφφφtq), fragment –jet(φφφφpq)
● φφφφtq and φφφφpq are sensitive to jT, φφφφqqis sensitive to kT.
● same side: φφφφtp = φφφφtq ⊕⊕⊕⊕φφφφpq away side: φφφφtp = φφφφtq ⊕⊕⊕⊕φφφφpq ⊕⊕⊕⊕ φφφφqq.
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● We measure the two par ticle correlations width σσσσ for  φφφφtp, which is directly 
related to the projection of fragment pT onto leading par ticle  pout=pTsinφφφφtp, 
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● The j T and z kT are directly related to pout.
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ππππ±±±± - h±±±± Correlation

● Correlating  ππππ±±±± (5<pt<16 GeV/c) with low pT charged hadrons (1-5 GeV/c).
● The advantage is: 

● very good signal/background ratio.
● acceptance effect is small.



ππππ±±±± - h±±±± Correlation in p+p



Width for  d+Au and p+p

● Width of the correlation function for  5-16 GeV/c tr igger  particle 
to var ious low pT associated particles

● Both near  side and far  side width drops as function of associated 
particle pT.



j T results in d+Au and p+p
● Calculated j T width for  associated h±±±±. 
● We assumed jT follows gauss distr ibution. Physically, since j T can not 

exceed pT of the fragment.  This leads to a truncation of the gauss tail,
this effect leads to a slight drop at low pT.

● No difference between d+Au and p+p 



����z���� ����|kTy|���� in d+Au and p+p

● We measures the ����z���� ����|kTy|���� for  tr igger high pT pions for  different 
associated particle pT range.

● For a simple power law spectra                               , assuming 
fragmentation function have the form D(z) = e-6z, one find that ����z����≈≈≈≈0.76 
independent of pT. So one can get the ����|kTy|���� by dividing ����z���� ����|kTy|���� by 0.76 

● d+Au and p+p are consistent.
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Centrality dependence

● Plot the σσσσN, σσσσF , ����|j Ty|���� and ����z���� ����|kTy|���� as function of centrality for  different 
associated par ticle pT ranges.

● No apparent centrality dependence is observed.
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Summary

● We have presented high pT charged pion RCP and it’s centrality 
dependence in d+Au collisions.

● Slight drop as function of pT for  pT<8 GeV/c.
● Consistent with 1 at pT>8 GeV/c.
● Complete picture of the pT and centrality dependence of Cronin effect 

● We have studied the character istics of jet fragmentation and back-to-back 
correlation through ππππ±±±± - h±±±± correlation in d+Au and p+p collisions.

● σσσσN, σσσσF , ����|j Ty|���� and ����z���� ����|kTy|���� have no apparent centrality dependence.
● No apparent difference between d+Au and p+p
● ����|j Ty|���� ≈≈≈≈ 350 ±±±± 30MeV/c. 
● ����z���� ����|kTy|���� ≈≈≈≈ 1.2 ±±±± 0.2(stat) ±±±± 0.2(sys) GeV/c


